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Abstract Both activities of daily living (ADL) and
some blood biomarkers (such as albumin) have been
associated with mortality in very elderly people, but
scarce data is available on the predictive performance
of them in isolation or in combination, which is impor-
tant for clinicians in decision making. Here, based on
prospective mortality data over a 6-year follow-up peri-
od from 433 long-lived individuals (LLIs) aged 95+
years in the Rugao longevity cohort, we aimed to eval-
uate Cox proportional hazard ratios (HRs) and discrim-
inative power (ROC curve) of 14 biomarkers and ADL
for all-cause mortality. We found that six biomarkers
(total triglyceride, albumin, low-density lipoprotein cho-
lesterol, platelet count, lymphocyte count, and neutro-
phil count) were associated with mortality with a p < .10

in the univariate model. Significant associations of al-
bumin and neutrophil count with mortality were ob-
served when they were simultaneously included in a
multivariate model, with HRs of 0.97 (95 % CI 0.94,
0.99; p = .005) and 1.09 (95 % CI 1.00, 1.18; p = .043).
With respect to ADL, the corresponding HR was 1.10
(95 % CI 1.07, 1.14; p < .001). Low albumin (<40 g/L)
combined with ADL dependent had a significantly in-
creased mortality risk (HR = 2.19; 95 % CI 1.63, 2.95).
Albumin and ADL separately showed good discrimina-
tive accuracies (area under the curve [AUC] = 0.68 and
0.66, respectively), and their combination had an in-
creased predictive utility (AUC = 0.73). In conclusion,
both albumin and ADL are efficient predictors of all-
cause mortality in long-lived populations and their com-
bination further increases discriminative power. The
preliminary findings, if validated and translated, would
help clinicians to identify the elderly people at varying
mortality risk.
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Introduction

With health improvement in recent decades, more and
more older adults have survived to advanced age,
resulting a rapidly growing segment of the popula-
tion, e.g., the very elderly people. As a frail age group
experiencing physical disability and comorbidity,

AGE  (2015) 37:73 
DOI 10.1007/s11357-015-9809-6

Zuyun Liu and Guangzhen Zhong contributed equally to this
work.

Z. Liu :W. Deng :Y. Zhang : L. Jin :X. Wang (*)
Unit of Epidemiology, State Key Laboratory of Genetic
Engineering and MOE Key Laboratory of Contemporary
Anthropology, School of Life Sciences and Institutes of
Biomedical Sciences, Fudan University, 220 Handan Rd.,
Shanghai 200433, China
e-mail: xiaofengautomatic@gmail.com

G. Zhong : S. Li
Heart Center, Beijing Chaoyang Hospital, Institute of
Cardiovascular Disease, Capital University of Medical
Sciences, Beijing 100020, China

D. Qian
Longevity Research Institute of Rugao, Rugao, Jiangsu
226500, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-015-9809-6&domain=pdf


their health trajectories in the later years of a long life
have received increasing attention (Collerton et al.
2007; Poon et al. 2007). In the context of costly
long-term care services, identifying persons at high
risk for mortality might be a priority in clinical deci-
sion making. But it challenges researchers and clini-
cians for this age group with extended life span are
very heterogeneous.

To date, several risk factors have been associated
with mortality in very elderly people in some studies
(Broeska et al. 2013; Cesari et al. 2008; de Ruijter
et al. 2009; den Elzen et al. 2009; Gondo et al. 2006;
Gueresi, 2010; Mossakowska et al. 2014; Nakazawa
et al. 2012; Nybo et al. 2003; Shimizu et al., 2001;
van Houwelingen et al. 2013), including functional
status, cognitive performance, nutritional status, and
blood biomarkers (e.g., albumin). Of these factors,
functional status, usually measured by activities of
daily living (ADL), has been widely used as a pre-
dictor of mortality for its simplification and general-
ization across various populations and different clin-
ical settings (Cesari et al. 2008; Mossakowska et al.
2014; Nakazawa et al. 2012; Nybo et al. 2003;
Shimizu et al., 2001). We have paid much attention
to ADL in long-lived individuals (LLIs) over 95 years
of age in a previous work (Liu et al. 2014b) and also
explored the effects of blood biomarkers. We noted
that some blood biomarkers (such as serum albumin)
had been linked to mortality in the very elderly
(Boland et al. 2014; Gueresi, 2010; Izaks et al.
2003; Shimizu et al., 2001; van Houwelingen et al.
2013). It is well known that blood biomarkers are
routinely examined in clinical laboratory diagnosis,
which is objective, fast, and relatively easy-to-use.
ADL is also an easily measured factor, although
subjective. However, to our best knowledge, no spe-
cific study have evaluated the predictive performance
of them in isolation or in combination in a long-lived
population over 95 years of age, a heterogeneous age
group, which is very important for clinicians in deci-
sion making.

Based on the data from the Rugao longevity cohort,
this study aimed to evaluate the potential associations of
14 biomarkers and ADL assessed at baseline with all-
cause mortality in a Chinese long-lived population.
Additionally, the discrimination power of them in isola-
tion or in combination was also evaluated. This study
intends to shed light on the predictive value of routine
clinical laboratory testing on mortality, which may

provide preliminary evidence for identifying very elder-
ly people at varying risk.

Methods

Study population

We used data from 463 LLIs enrolled in the Rugao
longevity cohort, a population-based prospective study
conducted between December 24, 2007, and February
29, 2008, in Rugao, Jiangsu Province, China. Details
regarding the cohort are provided elsewhere (Cai et al.
2009; Liu et al. 2014a). Briefly, after strict four-step age
verifications, 705 persons aged 95+ years (149 men and
556 women) including 102 centenarians were identified
in Rugao. Of them, 463 (103 men and 360 women)
participants were recruited, representing 65.7 % of the
LLIs in Rugao, a typical medium-sized city of China
(from the perspective of population and economy). No
significant difference in age and gender ratio was found
between non-responders and responders (all p > .05).
Nineteen participants were excluded due to acute infec-
tions, known malignant tumor, severely physical disor-
der (e.g., being ill in bed for a long time), or taking anti-
inflammatory drug (e.g., nonsteroidal anti-inflammatory
drugs) in the previous 12 months at the baseline, and
two participants died during the baseline investigation.
Nine participants had not been identified as alive or dead
until the date of censoring according to the local gov-
ernment (the Bureau of Civil Affairs), leaving a study
sample of 433 LLIs with relatively good health status in
this study.

As described previously (Cai et al. 2009; Liu et al.
2014a), a structured questionnaire was administered by
trained field staff that delved into areas including demo-
graphic characteristics, histories of chronic disease (e.g.,
chronic obstructive pulmonary disease, coronary heart
disease, malignant tumor), functional status (assessed by
the Katz Index of ADL), and medications (e.g., anti-
inflammatory drug). Physical examinations were ac-
complished, and fasting blood specimens were drawn
for laboratory examination. All interviews were tape
recorded, and 5 % of the recorded interviews were
evaluated for interviewing quality. Written informed
consent was obtained from each participant or a member
of his/her immediate family. The Human Ethnics
Committee of Fudan University School of Life
Sciences approved the research.
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Blood biomarker

Blood biomarkers including total triglyceride, high-
density lipoprotein cholesterol, low-density lipoprotein
cholesterol, serum albumin, serum uric acid, total bili-
rubin, direct bilirubin, alanine transaminase, glutamic
oxaloacetic transaminase, red blood cell count, white
blood cell, platelet count, lymphocyte count, and neu-
trophil count which were routinely examined in clinical
diagnosis were considered in this study. The biomarkers
were measured using Olympus AU5811 clinical chem-
istry analyzer (Tokyo, Japan) with standard laboratory
techniques (performed by a technician in the biochem-
istry laboratory of Jiangsu Rugao Hospital of
Traditional Chinese Medicine).

ADL

As described previously (Liu et al. 2014b), the Katz
Index was used to assess ADL in this study. The Katz
Index is on the basis of six daily tasks: eating, dressing,
bathing, indoor transferring, going to the toilet, and
cleaning oneself afterwards (Katz et al. 1963). Each task
has the following three response alternatives: strongly
independent, somewhat dependent, and strongly depen-
dent, with a score of 1, 2, and 3 points, respectively.
Lower scores indicated better functional status. Based
on the total summed scores, a binary variable including
ADL independent (total score = 6) and ADL dependent
(total score >6) was constructed.

Mortality

Dates of death were obtained through the Bureau of
Civil Affairs of Rugao. Survival time (in months) was
calculated from February 2008 to the date of death or of
censoring on April 2014. The Bureau of Civil Affairs in
Rugao is responsible for providing pensions for persons
aged 80 years or over every month. The penalty for any
family trying to conceal the death information of the
elderly is high.

Statistical analyses

Basel ine character is t ics were expressed as
means ± standard deviation (SD) for normally distribut-
ed continuous variables, median (interquartile range) for
non-normal continuous variables, or by the percentage
for categorical variables. To calculate hazard ratios

(HRs) and 95 % confidence intervals (CIs) of the bio-
markers and ADL for all-cause mortality, we firstly used
a univariate model. Biomarkers with a p < .10 in the
univariate model were then simultaneously included in a
multivariate model adjusted for age and sex. Similarly,
the corresponding HR and 95%CI of ADL for all-cause
mortality were also calculated. Since the aim of the
study was to evaluate the performance of predictors,
and not to explore the causes of disease, no adjustments
were made for potential confounders except for age and
sex as other studies did (van Houwelingen et al. 2013).

We assessed the discriminative power of the identi-
fied biomarkers and ADL on all-cause mortality by
means of receiver operation characteristic (ROC) curves
and obtained the area under the curve (AUC) with 95 %
CI for each potential predictor. To observe the combined
effects of efficient predictors (i.e., serum albumin and
ADL in this study) on mortality, we categorized them
into binary variables and then included them in the Cox
proportional hazard model. In addition, a Kaplan-Meier
plot was also used for presentation of survival curves
that were compared with the log-rank test. All analyses
in this study were carried out in the total sample, since
non-significant difference in survival curve between
males and females was found. SAS software (version
9.3; SAS Institute, Cary, NC) was used for all analyses
except for ROC curves, which was performed using
SPSS 19.0 (SPSS Inc., Chicago, IL, USA). A p value
of <.05 (two-tailed) was considered statistically
significant.

Results

Baseline characteristics of the study participants are
shown in Table 1. Themedian age was 97.0 years (range
of 95–107 years). About 77.8 % (337) were female.
Approximately 50 % were classified as ADL indepen-
dent (ADL = 6, data not shown). The means ± SD or
median (interquartile range) of blood biomarkers were
presented in Table 1. Of the 433 participants, 394
(91.0 %) died over a 6-year follow-up period.

Table 2 shows all-cause mortality risks associated
with the biomarkers. Six (total triglyceride, albumin,
low-density lipoprotein cholesterol, platelet count, lym-
phocyte count, and neutrophil count) of them were
found associated with all-cause mortality with a
p < .10 in the univariate model, and they were simulta-
neously included in a multivariate model adjusted for
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age and sex. Significant associations of albumin and
neutrophil count with mortality were observed, with
HRs of 0.97 (95 % CI 0.94, 0.99; p = .005) and 1.09
(95 % CI 1.00, 1.18; p = .043).With respect to ADL, as
expected, the corresponding HR for mortality was 1.10
(95 % CI 1.07, 1.14; p < .001, data not shown) in a
univariate model.

We evaluated the predictive performances of albumin
and neutrophil count and ADL separately. The AUC for
neutrophil count were 0.60 (95 % CI 0.51, 0.68;
p = .050), with marginal significance. Albumin and
ADL showed good discriminative powers, with AUCs
of 0.68 (95%CI 0.61, 0.76; p < .001) and 0.66 (95%CI
0.58, 0.73; p = .001, Fig. 1), respectively. Thus, albumin
and ADL were selected as potential efficient predictors
of mortality. As expected, combination of these two
predictors had an increased predictive utility
(AUC = 0.73; 95 % CI 0.65, 0.80; p < .001, Fig. 1).

To observe the combined effects of serum albumin
and ADL on mortality, we categorized them into binary
variables and then included them in the Cox proportion-
al hazard model. Albumin was classified as two catego-
ries (low and high albumin) according to clinic cutoffs
of 40 g/L used in previous studies (Neal et al. 2009). We
found that participants with low albumin (<40 g/L) or
being ADL dependent (ADL>6) had increased all-cause
mortality risks (all log-rank tests p < .001, Fig. 2). The
corresponding HRs were 1.61 (95 % CI 1.30, 2.01) and
1.56 (95 % CI 1.27, 1.91), respectively (Table 3). As
expected, in participants who were ADL independent,
mortality was significantly higher in those with low
albumin when compared with those with high albumin
(HR = 1.66; 95 % CI 1.17, 2.36; p = .005, Table 3). Low
albumin (<40 g/L) combined with ADL dependent had
a significantly increased mortality risk (HR = 2.19; 95%
CI 1.63, 2.95; p < .001, Table 3).

Discussion

The main finding of this study was that both serum
albumin and ADL are efficient predictors of all-cause
mortality in LLIs from the Rugao longevity cohort, and
their combinations increases discriminative power
(AUC = 0.73). Notably, when the conventional predic-
tor ADL shows independence, albumin alone could
discriminate people with an increased mortality risk.
The preliminary findings, if validated and translated,
would help clinicians to identify the elderly people at
varying risk, which provide important evidence for
healthy aging research.

Our findings support observations of other studies
that low serum albumin is associated with mortality in
very elderly people (Gondo et al. 2006; Gueresi, 2010;
Sahyoun et al. 1996; Shimizu et al., 2001; Takata et al.
2010). More importantly, we observed the acceptable
predictive utility of albumin in Chinese long-lived pop-
ulation. Serum albumin plays certain vital physiologic
roles in health maintenance for many organs. For in-
stance, it acts as a transport protein for fatty acids and
maintains the intravascular oncotic pressure. Generally,
albumin is considered as an indicator of nutritional risk
in older adults, though the perspective remains contro-
versial (Kuzuya et al. 2007). Recently, Ji and colleagues
observed that lower albumin was associated with poor
nutritional status in community-living Chinese aged 90
and over (Ji et al. 2012). It is well known that nutrition

Table 1 Baseline characteristics of the study subjects from the
Rugao longevity cohort

Characteristicsa No.

Age (years) 433 97.0 (96.0–98.0)

Female, n (%) 433 337 (77.8)

ADL 420 8.4 ± 3.4

TG (mmol/L) 422 0.98 (0.75–1.32)

HDL-C (mmol/L) 422 1.35 (1.16–1.58)

LDL-C (mmol/L) 422 2.46 (2.02–2.97)

Serum albumin (g/L) 421 42.4 ± 4.6

SUA (μmol/L) 416 269.0 (216.0–338.0)

TBIL (μmol/L) 423 14.0 (10.6–17.1)

DBIL (μmol/L) 423 3.2 (2.4–4.8)

ALT (U/T) 422 11.0 (9.0–14.0)

Got (U/T) 422 24.0 (21.0–28.0)

RBC count (×1012/L) 419 3.9 (3.5–4.3)

WBC count (×109/L) 419 5.2 (4.3–6.1)

Platelet count (×109/L) 419 159.0 (121.0–204.0)

Lymphocyte count (×109/L) 417 1.6 (1.3–2.1)

Neutrophil count (×109/L) 419 2.9 (2.3–3.8)

ADL activities of daily living, TG total triglyceride, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein
cholesterol, SUA serum uric acid, TBIL total bilirubin,DBIL direct
bilirubin, ALT alanine transaminase, GOT glutamic oxaloacetic
transaminase, RBC red blood cell, WBC white blood cell
a Normally distributed continuous variables were expressed as
mean ± standard deviation (SD); non-normal continuous variables
were expressed as median (interquartile range); categorical vari-
ables were presented by the percentage
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Table 2 Cox proportional hazard ratios (HRs) of the biomarkers for all-cause mortality: the Rugao longevity cohort

Model 1 Model 2

HRa (95 % CI) p value HRa (95 % CI) p value

TG (mmol/L) 0.84 (0.69, 1.01) .069 0.88 (0.72, 1.09) .244

HDL-C (mmol/L) 1.00 (0.99, 1.01) .982 – –

LDL-C (mmol/L) 0.86 (0.74, 1.00) .043 0.91 (0.78, 1.06) .229

Serum albumin (g/L) 0.95 (0.93, 0.97) <.001 0.97 (0.94, 0.99) .005

SUA (μmol/L) 1.00 (1.00, 1.00) .286 – –

TBIL (μmol/L) 1.00 (0.98, 1.02) .743 – –

DBIL (μmol/L) 1.02 (0.98, 1.06) .391 – –

ALT (U/T) 1.00 (0.98, 1.01) .804 – –

Got (U/T) 1.00 (0.99, 1.01) .912 – –

RBC count (×1012/L) 0.90 (0.76, 1.06) .204 – –

WBC count (×109/L) 1.03 (0.96, 1.10) .378 – –

Platelet count (×109/L) 1.00 (1.00, 1.00) .093 1.00 (1.00, 1.00) .064

Lymphocyte count (×109/L) 0.84 (0.71, 0.99) .035 0.86 (0.73, 1.02) .087

Neutrophil count (×109/L) 1.10 (1.01, 1.19) .023 1.09 (1.00, 1.18) .043

Model 1: unadjusted (a univariate model); model 2: included the biomarkers with a p < .10 in the univariate model, age, and sex

TG total triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SUA serum uric acid, TBIL
total bilirubin, DBIL direct bilirubin, ALT alanine transaminase, GOT glutamic oxaloacetic transaminase, RBC red blood cell, WBC white
blood cell, CI confidence interval

Fig. 1 Receiver operating
characteristic (ROC) curves
showing predictive performance
of albumin and ADL, in isolation
and in combination, for all-cause
mortality in long-lived
individuals from the Rugao
longevity cohort. The area under
the curve (AUC) with 95 %
confidence intervals (CIs) for
albumin (0.68 [0.61, 0.76],
p < .001), for ADL (0.66 [0.58,
0.73], p = .001), and for albumin
and ADL in combination (0.73
[0.65, 0.80], p < .001) were
documented
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has a strong effect on immunity. To some degree, main-
tained or improved nutritional status could reduce mor-
bidity and increase survival (Sanchez Garcia et al.
2012). Whether the efficient predictive value of albumin
on all-cause mortality in this study is attributed to the
particularly important role that nutrition serves in
healthy aging needs further scrutiny.

Impressively, we observed stronger discriminative
power of serum albumin onmortality in comparison to
ADL in LLIs. As far as we know, there is no previous
study comparing their performance in such individ-
uals. ADL, one important factor in characterizing
one’s health status, has been regarded as a convention-
al predictor of mortality in large numbers of epidemi-
ologic studies (Cesari et al. 2008; Mossakowska et al.
2014;Nakazawa et al. 2012;Nybo et al. 2003; Shimizu

et al., 2001). We have confirmed the statement in our
heterogeneous sample. This association might be ex-
plained by the effects of morbidity, physical inactivity,
or the process of aging itself (Mossakowska et al.
2014). Compared with ADL, albumin shows a similar
predictive utility (AUC = 0.68 for albumin, and =0.66
for ADL) in this study. More importantly, albumin did
work when participants were categorized as indepen-
dent in ADL (Table 3), with a HR of 1.66 (95 % CI
1.17, 2.36) for mortality. This may help clinicians
identify more patients at high mortality risk and pro-
vide primary preventions accordingly. Furthermore,
combinations of albumin and ADL are recommended
for an increase discriminative power (AUC = 0.73).
These inexpensive, easy-to-use screening methods
could have potential application value in the context

Fig. 2 Kaplan-Meier cumulative survival curve according to a
albumin groups (low albumin [<40 g/L] vs. high albumin [≥40 g/
L]); b ADL groups (ADL independent [ADL = 6] vs. ADL
dependent [ADL > 6]); c albumin and ADL groups (four

categories: high albumin and independent; high albumin and
dependent; low albumin and independent; low albumin and de-
pendent) in long-lived individuals from the Rugao longevity
cohort

Table 3 The combined effects of serum albumin and ADL on all-causemortality in long-lived individuals from the Rugao longevity cohort:
Cox proportional hazard model

Case (%) Age- and sex-adjusted model

HRa (95 % CI) p value

Albumin

High albumin (≥40 g/L) 263 (88.0) 1.00 (reference) –

Low albumin (<40 g/L) 119 (97.5) 1.61 (1.30, 2.01) <.001

ADL

Independent (ADL = 6) 180 (86.1) 1.00 (reference) –

Dependent (ADL > 6) 198 (95.2) 1.56 (1.27, 1.91) <.001

Combination of albumin and ADL

High albumin (≥40 g/L) and independent (ADL = 6) 129 (82.7) 1.00 (reference) –

High albumin (≥40 g/L) and dependent (ADL>6) 126 (93.3) 1.62 (1.26, 2.08) <.001

Low albumin (<40 g/L) and independent (ADL = 6) 42 (95.5) 1.66 (1.17, 2.36) .005

Low albumin (<40 g/L) and dependent (ADL>6) 69 (98.6) 2.19 (1.63, 2.95) <.001

ADL activities of daily living, HR hazard ratio, CI confidence interval
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of costly long-term care services in such a frail age
group.

Neutrophil count showed a positive association with
all-cause mortality in LLIs, albeit it is not a powerful
predictor. To date, the predictive utility of neutrophil
count has not been evaluated separately from white
blood cell (WBC) count. As one important type of
WBC, the effect of neutrophils on mortality has not
been well addressed. It has been postulated that neutro-
phils could produce cytokines, oxidation metabolites,
and free radicals that might cause oxidative damages
to various tissues (e.g., muscles) and organ systems (Wu
et al. 2009), and evidently, this process could lead to an
increased mortality risk (Babior 1978). It could be a
potential limitation for many studies that did not differ-
entiate WBC to scrutinize the effect of different WBC
subtypes (Willems et al. 2010). It is particularly intrigu-
ing to examine whether the identified associations of
WBC with mortality in current studies are mostly
accounted for by neutrophil or not (Ruggiero et al.
2007). In our sample, we had examined the association
between WBC count and all-cause mortality, but we
failed to observe a positive relation, partially because
of the characteristics of study participants. This needs
future validations across various elderly people.

Our study has at least two strengths. First, the
population-based approach and the reasonably large
sample size increase the generalizability of our findings
to long-lived populations, as the study participants were
recruited from the whole city. In a city with a population
of 1,362,500, the subjects of this study represent 65.7 %
of the Rugao LLIs (n = 705). Rugao is a typical
medium-sized city (from the pespective of population
and economy) of China. The findings from such a
representative sample may have the potentials to be
generalized to most elderly people in China. Second,
the simple predictors found in this study could be used
as a prognostic tool. Albumin was routinely examined in
clinical laboratory measurements, which is fast, inex-
pensive, and objective, and could be examined in com-
munity health centers (CHCs) in China. ADL is a sub-
jective tool to determine the levels of care that one
should receive, but it can also be easily used by general
practitioners in CHCs of China.

Some weak points of this study should be also noted.
First, the biomarkers were not measured repeatedly,
which would have nonetheless allow us to observe the
changing trend of biomarkers over time and their asso-
ciations with mortality. Then, no validation cohort was

available to confirm the preliminary findings of this
study, and this is necessary and crucial for guideline
development. Finally, nine participants (2.0 %) had not
been identified as alive or dead until the date of censor-
ing according to the local Bureau of Civil Affairs. This
phenomenon also existed in other studies in China
(Flaherty et al. 2011) and might be attributed to the
unique traditional Chinese culture despite the high pen-
alty for concealing death information.

In conclusion, for the first time, this study suggested
that both serum albumin and ADL are efficient predic-
tors of all-cause mortality in long-lived population and
their combinations further increases discriminative pow-
er. The predictive value of the inexpensive, easy-to-use
screening methods needs future validations in other
cohorts.
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